Background {#S0001}
==========

Popliteal artery entrapment syndrome (PAES) is an uncommon disease that is seldom diagnosed in young adults.[@CIT0001] Compared with atherosclerotic issues experienced by the elderly, the lower limb pain or intermittent claudication experienced in young adults is seldom regarded as vascular disease.[@CIT0002] PAES is mainly caused by the popliteal artery being compressed by the abnormal muscles and tendons around it, which further leads to vascular claudication.[@CIT0003] This case report investigated a young baseball pitcher experiencing the symptom of lower limbs numbness who was diagnosed with PAES. The lesion was finally detected by ultrasonography after a long period of medical attention at different clinics and confirmed by magnetic resonance imaging (MRI). After surgical intervention, the patient quickly returned to sport.

Case Report {#S0002}
===========

A 19-year-old male baseball pitcher repeatedly sought medical attention due to left calf muscle tension and foot numbness for nearly a year. His symptoms were especially aggravated after exercising and with left knee joint extension. Although the patient repeatedly visited the clinic, none of the symptoms were improved. Therefore, the patient was referred from the clinic to our hospital. The physical examination revealed no limitation on left knee joint mobility, no specific discomfort, no weakness in the left lower extremity, and no atrophy or hypertrophy of the muscles. However, paresthesia was reported in the left calf and foot. There was tenderness in the left knee popliteal fossa and medial gastrocnemius muscle. For the appearance, there was no swelling or redness or local heat, but the left toes were colder than the right ones. The imaging studies showed no abnormality in the knee X-ray. However, further musculoskeletal ultrasonography's transverse view of popliteal space of the posterior knee discovered the left popliteal artery was compressed by popliteus muscle and medial gastrocnemius muscle and an occlusion at the popliteal artery (as shown in [Figure 1](#F0001){ref-type="fig"}). Therefore, the patient was scheduled for knee MRI. The result showed that the origin of the medial head of gastrocnemius muscle was abnormally inclined to the lateral side, and the popliteal artery was located in the medial side of the medial head of the gastrocnemius muscle (which is rarely observed) and formed an aneurysm (as shown in [Figures 2](#F0002){ref-type="fig"}--[4](#F0004){ref-type="fig"}). As a symptom and result of imaging studies, the patient was diagnosed with popliteal artery entrapment syndrome, type 2.Figure 1Doppler ultrasonography of left knee posterior side, the dotted circle is P2 segment occlusion with thrombosis formation at the popliteal artery.**Abbreviations:** PA, popliteal artery; PV, popliteal vein; MHG, medial head of gastrocnemius muscle.Figure 2(**A**) The left knee coronal T2 with contrast MRI, (**B**) the popliteal artery compressed by the medial head of the gastrocnemius muscle to thicken the vessel wall.**Abbreviations:** PA, popliteal artery; PV, popliteal vein; MHG, medial head of gastrocnemius muscle.Figure 3The left knee sagittal T1 with contrast MRI; aneurysm formation caused by the compressed popliteal artery can be observed at the popliteal artery.Figure 4The left knee axial T1 with contrast MRI; thrombosis formation in the vessel wall of the popliteal artery can be observed.**Abbreviations:** PA, popliteal artery; PV, popliteal vein; MHG, medial head of gastrocnemius muscle.

Due to the worsening symptoms, the patient was referred to the division of Vascular Surgery for surgical treatment. The pre-operative ultrasonography revealed a persistent occlusion at the P2 segment of the popliteal artery. During the surgery, it was found that the medial head of the gastrocnemius muscle was not located at the normal anatomical location, and the origin was inclined to the lateral side to compress the popliteal artery, which formed an aneurysm. Therefore, a decompression surgery was performed to surgically remove the partial tendon of the medial head of the gastrocnemius muscle and abnormal left popliteal artery. The left small saphenous vein transplantation surgery was further performed to replace the removed abnormal left popliteal artery. After the operation, the symptoms were completely relieved. Although the muscle strength of the left lower leg was slightly weakened, the patient quickly returned to the stadium to pitch baseball. The patient had signed a written informed consent form to have the case details and any accompanying images published and the manuscript was approved by the Ethics committee of Taichung Hospital, Ministry of Health and Welfare (Taichung, Taiwan) to have the case details published.

Discussion {#S0003}
==========

The earliest case data of the disease PAES were published by Anderson Stuart due to anatomical structural abnormality in 1879. However, it was not until 1969 that Love and Whelan named this disease caused by structural abnormality as popliteal entrapment syndrome.[@CIT0004],[@CIT0005]

PAES is one of the causes of the rare symptoms of lower extremity, intermittent claudication, which can be clearly diagnosed. The prevalence is between 0.165% and 3.5%, the male to female ratio is 15:1, and the prevalence of bilateral symptoms is 27--67%.[@CIT0006],[@CIT0008]

In the beginning, PAES was divided into four types according to the differences in anatomical structural abnormalities (relative positions of popliteal artery, medial head of gastrocnemius muscle, and popliteus muscle).[@CIT0005] Afterwards, two types were added: compression of popliteal vein type and functional type where the anatomical structural position is normal.[@CIT0001],[@CIT0009],[@CIT0011] These 6 types are: (1) type 1: medial head of gastrocnemius muscle position is normal, but popliteal artery abnormally surrounds the medial side of medial head of gastrocnemius muscle; (2) type 2: medial head of gastrocnemius muscle position is abnormal, and its origin is inclined to the lateral side to make the popliteal artery locate at its medial side; (3) type 3: popliteal artery position is normal, but an accessory slip of the medial head of the gastrocnemius muscle abnormally surrounds the two sides of the popliteal artery to compress the popliteal artery; (4) type 4: popliteal artery position is deeper and is compressed by fibrous band or popliteus muscle; (5) type 5: popliteal vein is compressed and its structural abnormality conforms to any type of the four types of compressed popliteal artery; (6) type 6 is functional type, the anatomical positions of the popliteal artery and medial head of the gastrocnemius muscle are normal, but the medial head of the gastrocnemius muscle compresses the popliteal artery due to hypertrophy. According to the statistics, type 2 (25%) and type 3 (30%) are the most common.[@CIT0012]

The symptoms and signs include intermittent claudication, cramping pain, paresthesia, tingling, and coldness in the foot and limb weakness. In particular, these symptoms and signs are developed after exercise and are relieved at the time of rest.[@CIT0013] In terms of physical examination: there is a tender point in the medial head of the gastrocnemius muscle. Whether the popliteal artery is compressed can be tested by the contraction of the gastrocnemius muscle. Moreover, passive dorsiflexion and forced plantar flexion of the ankle cause compression, resulting in popliteal and pedal pulses decreased or absent pulses.[@CIT0014],[@CIT0015] Imaging examinations include Doppler ultrasonography, MRI/magnetic resonance angiography (MRA), computed tomography angiography (CTA), and catheter-based angiography.[@CIT0016] Doppler ultrasonography is a useful and non-invasive test that is non-radiative and inexpensive . It can be used to perform a preliminary assessment to check if there is peripheral stenosis or occlusion. The changes that have occurred after the popliteal artery has been compressed (eg, thrombosis, aneurysm) can be observed. Doppler can also be used to detect changes in blood flow rate at the proximal and distal ends, and blood flow rate increases over the stenotic section. Generally, when examining the popliteal space of the posterior knee with musculoskeletal ultrasound, most physicians pay attention to the abnormality of the structures such as muscle or tendon, ligament, meniscus and nerve, and pay less attention to the relative position of each structure. Under normal circumstances, the popliteal fossa's transverse view should show that the popliteal artery, popliteal vein, and tibial nerve are located in the middle of the two heads of the gastrocnemius muscle, that is, the popliteal artery and vein are located on the lateral side of the medial head together. So, we should pay attention to the following conditions: the popliteal artery is located on the medial side of the medical head of the gastrocnemius muscle (type 2 PAES), the popliteal artery and vein are located on the medial side of the medial head of the gastrocnemius muscle (type 5 PAES), or the slip of the medical head of gastrocnemius muscle is located between the popliteal artery and vein, separating the two (type 3 PAES). Regarding other abnormalities, we should also pay attention to whether there is stenosis or aneurysm of the artery lumen. In longitudinal view, we should also carefully trace the direction of the muscle and artery and check if there are abnormal turns or structural abnormalities. MRI/MRA, including axial and coronal images, is a good tool for diagnosing anatomical abnormalities to determine whether the anatomical structure between the medial gastrocnemius muscle and popliteal artery at the popliteal fossa causes vascular compression.[@CIT0008] In addition, MRI/MRA can also be used to identify other issues, such as trauma and cystic adventitial disease.[@CIT0017],[@CIT0019] CTA and catheter-based angiography are also commonly used for diagnosis. Moreover, stress angiography is a good way to diagnose PAES. It is a dynamic test for achieving a preliminary diagnosis to calf claudication with symptoms such as cold, numbness or cyanosis. It allows the patients' lower limb to maintain the ankle's neutral position during the test. When compared with ankle active dorsiflexion and active plantar flexion, it is often observed that the blood flow is significantly weakened.[@CIT0020] This method can also be applied to ultrasonography, CTA and MRA. However, it is more difficult to apply it to MRA because the examination time is longer and it is difficult for the patient to maintain ankle flexion until the examination is completed.

The treatments depend on the level of vascular compression and the level of damage of the blood vessels. The non-operative treatment includes time-limited restriction of physical activity for functional type PAES and endoluminal revascularization by catheter-directed thrombolysis for thrombosis. However, thrombolysis does not seem to decrease the need for subsequent surgery.[@CIT0021] The main treatment is surgical treatment, and the method is to remove the muscles or tendons of the compressed blood vessels so that the blood flow can be restored.[@CIT0022] However, if there is marked thickening, occlusion or aneurysm formation of the vessel walls, it is necessary to consider vascular bypass or transplantation, and the vessel frequently used for transplantation is the saphenous vein. It is generally not recommended to perform a single intravascular repair, because the root cause of vascular compression is not resolved and it is easy to cause re-occlusion. The removal of the muscle or tendon of the compressed vessel is required.[@CIT0023],[@CIT0024] Type 6 of the PAES is functional type. The surgical effect on type 6 is worse than that on the other types, because the anatomy itself is normal. In recent years, botulinum toxin has been injected into the gastrocnemius muscle to reduce the compression of the gastrocnemius muscle and the therapeutic effect has been good. Besides, the training effect will be increased in athletes. This result may be related to the situation that athletes are unable to engage in training due to limb discomfort caused by PAES not being resolved.[@CIT0025]

Clinical Implications {#S0004}
=====================

Although PAES is not common and has often been under-diagnosed, it is a very important differential diagnosis of lower limb numbness and pain, especially when young people develop symptoms after exercising and experience intermittent claudication. It is necessary to include this disease in differential diagnosis to implement early diagnosis and ultrasonography is a more cheap and simple method for early detection. In this case, after the diagnosis was confirmed using medical history and imaging examinations, the patient quickly returned to sport after undergoing the surgery.
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